The relationship between lower urinary tract symptoms (LUTS) due to benign prostatic hyperplasia and sexual health in men participating in a national multicenter screening program was studied. A total of 12 679 men were screened for prostate cancer in the year 2003. Of these, 6641 men had completed both the American Urological Association Symptom Score (AUA-SS) and the Sexual Health Inventory for Men (SHIM) questionnaires. We assessed the apparent effect of comorbidities (ischemic heart disease, hypertension, hypercholesteremia and diabetes), smoking habits and testosterone level on the overall sexual health. Age and race were also assessed as factors affecting the SHIM score. We used a general linear multivariable regression analysis to express the effect of these variables on the sexual health in these men adjusting for the apparent effect of LUTS. The mean and median age of the population was 58.479.8 and 58 y, respectively. The median AUA-SS was 4/25 (mean ¼ 5.775.3) and SHIM score was 19/25 (mean ¼ 16.375.9). Of the men, 4948 (75%) were Caucasian and 1154 (17%) were from African-American racial origin. A high AUA-SS appears to have a negative effect on the overall sexual health (Po0.05) after adjusting for all other confounding factors. As expected, age showed a significant inverse correlation with SHIM score (Po0.05). Caucasian men on average appear to have a significantly higher SHIM score by 6.5 points when compared to African-American men after adjusting for age, comorbidities, smoking habits, and AUA-SS (Po0.05). However, with increasing age, the difference in SHIM score diminishes between the two groups. Further, smoking and comorbidities were strong predictors of poor sexual health performance. Interestingly, hypogonadism (testosterone o300 ng/dl) was not a significant risk factor (P ¼ 0.104) when adjusting for all other variables. Nonetheless, in a univariate analysis, testosterone levels significantly correlated with reported SHIM scores (Po0.05). The overall sexual health in aging men is substantially affected not only by age, but by the severity of their urinary symptoms after adjusting for the most common known risk factors, suggesting perhaps a common underlying pathophysiology. Moreover, race appears to constitute another neglected potential risk factor, which should be investigated further in future studies.
Introduction
Lower urinary tract symptoms (LUTS) and erectile dysfunction (ED) are common and bothersome problems in the aging male. LUTS represent a common conglomeration of symptoms (increased urinary frequency, increased urgency, hesitancy, reduced stream and nocturia), whose prevalence increases with aging and have a debilitating effect on quality of life. Studies have demonstrated their prevalence to be as high as 90% in men aged 50-80 y old, including 31% for moderate to severe LUTS and 59% for mild LUTS. 1 ED is a problem of enormous magnitude affecting almost 30 million men in United States and 152 million men worldwide. 2 Several large studies have reported that LUTS severity is a major risk factor for ED second only to aging. 3, 4 It is of importance to evaluate sexual function when patients present with LUTS because treatment of LUTS may improve sexual dysfunction.
It is also very pertinent in that although many people consider sexual dysfunction as part of aging, studies have shown that aging men even in seventh decade are concerned about their sexual function and express dissatisfaction about their sexual performance. 5 In the current analysis, we attempted to analyze the overall effect of LUTS severity on ED in a large cohort of men after adjusting for the most commonly known risk factors for sexual health including the effect of race.
Materials and methods
Prostate Cancer Awareness Week (PCAW) is a community-based prostate cancer screening program of the Prostate Cancer Educational Council (PCEC) that offers free or low-cost prostate cancer screenings at more than 40 longitudinal sites and 400 single institutions across the United States. Men attending the PCAW in 2003 were asked to voluntarily complete an Institutional Review Board (IRB)-approved questionnaire that combined the validated International Index for Erectile Function (IIEF) questionnaires with the abridged IIEF-5 questionnaires, referred to as the Sexual Health Inventory of Men (SHIM), to determine sexual function and the American Urological Association Symptom score (AUA-SS) questionnaire. Analysis was performed on 6641 participants out of 12 679 data records collected on self-selected, self-reporting participants responding to both SHIM and AUA questionnaires from which the corresponding scores could be calculated. Records without AUA or SHIM scores (6038) were excluded from analysis. Screened men were asked to self-report their racial background as Caucasian, African-American, Hispanic, Native Indian or others. All participants were also asked to self-report sociodemographic data including age, smoking habits and past history of ischemic cardiovascular disease, diabetes mellitus, hypertension, dyslipidemia and previous heart attacks. Of the 6641 included in the analysis, serum cholesterol and total testosterone (TT) levels were available in 2928 participants, mainly reported by large longitudinal sites taking part in the national screening survey. Sample processing was performed according to accepted laboratory standards. The presence of comorbidities was defined as reported history of any one or more of the following conditions: diabetes, heart attack, heart disease, hypertension and high cholesterol.
Statistical analysis
Analyses were performed using SAS 8.02 (SAS Inc., Cary, NC, USA) and Mathematica5, version 5.0.1.0 (Wolfram Research Inc.). The demographic variables were calculated and tabulated. AUA-SS was categorized by 6-point intervals and the mean was calculated for AUA-SS and SHIM within each interval ( Figure 1 ). Age was categorized by decade in life, and average SHIM scores and median SHIM scores within each decade in life were calculated and plotted (Figure 2 ). Binary categorical variables were created to indicate hypogonadal testosterone level (To300), presence of comorbidity, race (African-American/Caucasian) and current smoker status. A general linear regression for SHIM modeled on age, AUA, race, smoker status, presence of comorbidities and the interaction between AUA and age vs race as explanatory variables was analyzed in SAS using PROC GLM with an included CLASS statement in the procedure to declare the binary predictors as categorical data. Due to the large size of the cohort of men being studied and the associated increase in analytic power, the results of analyses may indicate statistically significant findings for 
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Results
The mean age of the population was 58.479.8 y. The median AUA-SS was 4/35 (o7 points indicates no to mild symptoms) and SHIM score was 19/25 (420 points indicates normal sexual function). A total of 75% of all participants had SHIM scores o21, indicating some degree of ED. The data were comprised of 75% Caucasian men (n ¼ 4948), 17% African-American men (n ¼ 1154) and 8% reported as other race or not reported (n ¼ 539). Medical comorbidity was reported in 40% of men (n ¼ 2639), ED in 75% (n ¼ 4987), 41% were current or past smokers (n ¼ 2620) and hypogonadism (TTo300 ng/ dl) was prevalent in 30% (n ¼ 864) of the men. Descriptive demographics of the data comparing Caucasian and African-American population are shown in Table 1 . An increase in AUA-SS appears to have a negative effect on the overall sexual health after adjusting for all other confounding factors (Po0.05). Mean7s.d. SHIM score was 1775.6 for men with mild urinary symptoms (o8 points), 14.076.3 for those with moderate (8-19 points) and 11.376.1 for men with severe (20-35 points) symptoms. A regression of the average SHIM score by categorized average AUA-SS is shown in Figure 1 . Age showed a significant inverse correlation with SHIM score (Po0.05). Comorbidities were prevalent in 2639 (40%) of all men. The mean SHIM score was 20 for men in their 30s, 19 for men in their 40s, 18 for men in their 50s and 16 for men in their 60s ( Figure 2 ). Caucasian men on an average have a significantly higher SHIM score by 6.5 points when compared to African-American men after adjusting for age, comorbidities, smoking habits, AUA-SS and the significant difference in the rate of decreases of SHIM scores between the races with aging (Po0.05). Further, smoking and comorbidities were strong predictors of poor sexual health performance. Interestingly, in a univariate subanalysis, low testosterone levels significantly correlated with the reported SHIM scores (Po0.05). Nonetheless, hypogonadism (o300 ng/dl) was not a significant risk factor (P ¼ 0.104) when adjusting for all other variables ( Table 2 ).
Discussion
The effect of LUTS in association with benign prostatic hyperplasia (BPH) on sexual dysfunction in the aging male has been extensively addressed in the past few years mainly due to the recognition by Comorbidity includes diabetes, heart attack, hypertension, heart disease or high cholesterol.
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A Barqawi et al physicians and patients alike of the tremendous effect it would have on the quality of life in the ever expanding aging population in the developed world. 4, [6] [7] [8] [9] The current analysis from the PCAW program provides one of the largest known studies, which adjusted for the apparent effect of other known risk factors on sexual health including age, comorbidities, smoking and testosterone level. Further to our knowledge, it is the first analysis to address the effect of race on the overall sexual health in a large cohort of men in the USA. Both AUA-SS and SHIM scores are well validated instruments for the evaluation of LUTS 10 and sexual dysfunction, 11 respectively. Overall, our analysis showed a strong correlation between the severity of LUTS due to BPH and ED adjusting for all other risk factors using these validated instruments. Furthermore, the frequency of LUTS increased with age: in men aged 50-59 y, 22% had moderate to severe LUTS (AUA-SS48/35) compared to 45.3% in men aged 70-80 y. Numerous epidemiological studies have reported apparent causative relationship between the severity of LUTS and ED in Europe. These include the Cologne male survey, 5 the FrenchEnglish study, 12 the French study 13 and the International Continence Society studies.
14 Our study also showed that the majority of men reported some degree of sexual dysfunction (75%). Similar high rate of ED was reported in the Multinational Survey of The Aging Male (MSAM-7) and other large epidemiological studies in the USA. 3, 15 Nonetheless, to our knowledge, no studies have addressed the impact of race on the severity of ED related to LUTS. In our study, Caucasian men were, in general, reporting higher SHIM scores compared to AfricanAmerican men after adjusting for differences in age, comorbidity (including hypercholesteremia), total testosterone levels and smoking habits. Despite the high prevalence of ED and increased interest in its impact on quality of life in aging men, the epidemiology of ED remains understudied and limited data are available on the prevalence of ED in ethnic groups. Our analysis showed a higher prevalence of ED in African-American men vs Caucasian men. Androgen hormonal levels are reported to be higher in young African-American men. 16 Nonetheless, beyond age 40 y, AfricanAmerican and Caucasian men appear to have similar testosterone levels. 17 Moreover, recent evidence has indicated a higher androgen receptor expression in BPH epithelium of African-American compared to Caucasian men. 18 While we acknowledge the controversial reported correlation between testosterone levels and sexual health in eugonadal men, it is clear that testosterone levels and mainly the bioavailability of testosterone have a significant impact on sexual behavior and ejaculatory function in hypogonadal men. 19 In our subanalysis, total testosterone and hypogonadism did not seem to have a significant impact when sexual performance was compared in both groups after adjusting for all other risk factors mainly for comorbidities and age. A possible explanation may be the diminishing overall effect of testosterone with increasing age, which may affect the apparent early difference in testosterone levels between African-Americans and Caucasians.
Certain comorbidities associated with ED have been shown to be more prevalent in minorities. When compared with Caucasians and Hispanics, African-Americans have a higher prevalence of coronary heart disease, 20 hypertension, 21 diabetes 22 and dyslipidemia. 23 These conditions are strongly associated with ED. Our analysis showed a significantly higher incidence of comorbidities in AfricanAmerican men compared to Caucasian; despite this, our data showed a significant decrease in sexual function with aging in African-American men after adjusting for the apparent effect of comorbidities, indicating that other factors may be responsible for this decline.
The pathophysiology of sexual dysfunction correlation with LUTS is not clearly understood. Some mechanisms postulated include presence of a1-adrenergic receptors in bladder neck, the prostate gland and corpora cavernosa. An increase in sympathetic tone may cause heightened bladder outflow obstruction and similarly may reduce penile blood flow. Another possible contributing factor is that many men with severe LUTS may have poor quality of life and therefore tend to lose sexual interest. Furthermore, urgency and urge incontinence may contribute to lack of confidence and anxiety and lower sexual desire and frequency of intercourse.
The alterations in androgen metabolism such as altered estrogen and testosterone ratio and reduced dehydroepiandrosterone levels may contribute to diminishing sexual health with aging. 24, 25 A similar effect of aging has been reported on the development of BPH, with the age-dependent decrease in prostatic dihydrotestosterone with stable estradiol concentration leading to a relatively estrogen-dominant environment inducing stromal proliferation. 26 Smoking was another variable reported to be a risk factor for the development of ED and cardiovascular disease. It is widely postulated that chronic cigarette smoking can alter the formation of nitric oxide and causes a vascular endothelial dysfunction. 27 Although no reported association is reported between cigarette smoking and the development of BPH, it is a recognized significant risk factor for LUTS in the aging men. 28 Our analysis showed a significant impact of smoking on the overall sexual performance. Nonetheless, smoking per se may not be the sole risk factor, as it affects sexual health indirectly by increasing the incidence of comorbidities. Depression is another controversial risk factor reported frequently in men with ED. Albeit, the coexistence between ED and depressive illness is frequent, the causal relationship is unclear. 29 Our
Correlation between LUTS and ED A Barqawi et al analysis did not correlate the effect and severity of depression on the overall analysis. Other weaknesses of this study include that it examines a select group of relatively highly motivated people wishing to be screened for prostate cancer, inducing a selection bias potential when compared to the general population. The African-American race is widely regarded to be at risk for prostate cancer, prompting heightened interest in screening programs for prostate cancer at an early age. Further, SHIM score although validated to assess overall sexual function does not evaluate all domains of ED including ejaculatory dysfunction. The duration of smoking, cardiovascular disease and diabetes with the associated medical treatment at the time of analysis may influence its effect on ED severity and psychological tolerance and adjustment. Moreover, the intake of alpha-blockers for the treatment of LUTS related to BPH has been reported to affect sexual function. 30 Other potential risk factors for ED were not assessed in our analysis as level of physical activity, partner effect and drug and herbal intake.
Conclusion
The overall sexual health in men is substantially affected not only by age, but by the severity of their urinary symptoms after adjusting for the most common known risk factors, suggesting perhaps a common underlying pathophysiology. Moreover, race appears to constitute another neglected potential risk factor, which should be investigated further. Contrary to popular belief, hypogonadism and testosterone levels appear to have a relatively small impact on sexual health in the aging population when compared to other risk factors, and this relationship should be investigated further in future studies.
